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$EVWUDFW &ROODERUDWLYH GHVLJQ LV DQ LWHUDWLYH SURFHVV RI VHOHFWLQJ DQG HYDOXDWLQJ
VROXWLRQVLQWKHSUHVHQFHRIVHYHUDOSRWHQWLDOO\FRQIOLFWLQJUHTXLUHPHQWVGLFWDWHGE\
GLIIHUHQW SURIHVVLRQDO H[SHUWLVH DQG SUHIHUHQFHV D FRQFHSW FHQWUDO WR %XLOGLQJ
,QIRUPDWLRQ0RGHOOLQJ%,0LPSOHPHQWDWLRQ,QSUHYLRXVUHVHDUFKZHVKRZHGWKDW
WKHFRUHGHFLVLRQSURFHVVFDQEHEHWWHUXQGHUVWRRGXVLQJDUJXPHQWDWLRQEDVHGPRGHOV




D QRYHO PHWKRGRORJLFDO DSSURDFK WKDW WUDQVODWHV FROODERUDWLYH FRQFHSWXDO DQG
SHUFHSWXDO DFWLYLWLHV UHODWHG WR GHVLJQ SURFHVVHV XQGHUWDNHQ E\ GHVLJQ DQG







WR EH HPSOR\HGE\ LQWHOOLJHQW VRIWZDUH DJHQWV WR DVVLVW SURIHVVLRQDOV LQ DQDO\VLQJ
FRPSOH[FROODERUDWLYHGHFLVLRQV









DPRQJ $(& SURIHVVLRQDOV 3$6  7KHUHIRUH FROODERUDWLRQ DQG
FRPPXQLFDWLRQ DUH EHFRPLQJ FHQWUDO IRU VXFFHVVIXO FRQVWUXFWLRQ SURMHFWV FRPSOHWLRQ
+RZHYHU FROODERUDWLYH GHVLJQ LV D FRPSOH[ SURFHVV FRPSRVHG E\ GLIIHUHQWSKDVHV WKDW
UDQJH IURP HVWDEOLVKLQJ D VKDUHG XQGHUVWDQGLQJ RI WKH GHVLJQ SUREOHP WKURXJK
IRUPXODWLQJ REMHFWLYHV DQG VROXWLRQV DQG VHOHFWLQJ WKRVH WKDW EHVW VXLW FRQVWUDLQWV DQG
SUHIHUHQFHVRIGLIIHUHQWFRQVWUXFWLRQSURIHVVLRQDOVLQYROYHG





 /HFWXUHU 6FKRRO RI &RPSXWHU 6FLHQFH 7KH 8QLYHUVLW\ RI 6W $QGUHZV )LIH 8. DWRQLROR#VW
DQGUHZVDFXN




WR UHSUHVHQW GLIIHUHQW HQWLWLHV FROODERUDWLQJ LQ WKH DFFRPSOLVKPHQW RI D JRDO 'LIIHUHQW
W\SHV RI GLDORJXH H[LVW DFFRUGLQJ WR WKHQDWXUH RI WKHSDUWLFLSDQWV؃ JRDO'HULYHG IURP
SKLORVRSKLFDOVWXGLHVLQ$UJXPHQWDWLRQGLDORJXHSURWRFROVKDYHEHHQGHYHORSHGWRPRGHO
ERWK WKH FRPPXQLFDWLRQ EHWZHHQ SDUWLFLSDQWV DQG WKH UHDVRQLQJ XQGHUSLQQLQJ WKLV
LQWHUDFWLRQ LQFOXGLQJPHWKRGV IRUFKDOOHQJLQJFODLPVDQGGLVFXVVLQJSURVDQGFRQV IRU
GLIIHUHQWFKRLFHV:DOWRQ	.UDEEH5HHG
:HKDYHVKRZQLQSUHYLRXVUHVHDUFKWKDWWKHFROODERUDWLYHUHDVRQLQJDSSOLHGIRUHDUO\
%,0 DQG FRQFHSWXDO GHVLJQ VWDJHV LQYROYHV D SURFHVV RI DUJXPHQWDWLRQ ZKHUH
SURIHVVLRQDOVZLWKGLIIHUHQWH[SHUWLVHDQGGRPDLQNQRZOHGJHHVWDEOLVKDJUHHPHQWVRQWKH
GHVLJQVROXWLRQV)RUPDOPRGHOVRIDUJXPHQWDWLRQPD\FRQWULEXWHWRXQGHUVWDQGLQJKRZ
UHTXLUHPHQWV H[SHUWLVH DQG LQIRUPDWLRQ IORZ OHDG WR D GHVLJQ 7KLV LV KRZHYHU





,Q WKLV UHVHDUFKZH SURSRVH WR LQYHVWLJDWH IRUPDO PRGHOV RI DUJXPHQWDWLRQEDVHG











,Q WKLV VHFWLRQ ZH SURSRVH WZR PHWKRGRORJLFDO SHUVSHFWLYHV RQ WKH UHSUHVHQWDWLRQ RI
GLDORJXH WKDW XQGHUSLQ WKH WKLQNLQJ SURFHVV RI D WHDP RI SURIHVVLRQDOV HQJDJHG LQ
FROODERUDWLYH GHVLJQ 7KH ILUVW LQWURGXFHV VRPH NH\ FRQFHSWV RI FROODERUDWLYH GHVLJQ
DQDO\VLV LQ WKHFRQWH[W RI%,0 DQG VKRZV WKDWEHWWHU XQGHUVWDQGLQJ RI GHVLJQ DFWLRQV
DPRQJ SURIHVVLRQDOV LV IRXQGDWLRQDO WR SURSRVH D PRUH HIILFLHQW DQG KROLVWLF GHVLJQ
DSSURDFK 7KH VHFRQG DSSURDFK GUDZQ IURP WKH XVH RI GLDORJXH PRGHOV LQ $UWLILFLDO
,QWHOOLJHQFHVKRZVWKDWDIRUPDOPRGHORIGLDORJXHRIDQDUJXPHQWDWLYHIRUPLVDWRROWKDW
PD\VXSSRUW WKHDQDO\VLVRI FRPPXQLFDWLRQJRDOVDQG LVVXHVDQGPD\EHHPSOR\HGDV
HGXFDWLRQDOWRROIRULPSURYLQJUHDVRQLQJDQGFRQFHSWXDOXQGHUVWDQGLQJ,QWKHIROORZLQJ





KXPDQ HUURU %DGNH6FKDXE DQG )UDQNHQEHUJHU  7KH FUHDWLRQ RI IDYRXUDEOH
G\QDPLFV GXULQJ D FROODERUDWLYH SURMHFW LV KLQGHUHG E\ WKHVH FULWLFDO EHKDYLRXUV DQG
HVSHFLDOO\ E\ LVVXHV RI FRPPXQLFDWLRQ QHJRWLDWLRQ UHIOHFWLRQ DQG VRFLDO SURFHVVHV
&ROODERUDWLYHGHVLJQSURFHVVHVDUHDOVRKLQGHUHGE\SRRULQFRUSRUDWLRQRIVRPHLPSRUWDQW





DUH LVVXHV RI HGXFDWLRQ DQG GLIIHUHQW GHVLJQ DQG HQJLQHHULQJ EDFNJURXQGV RI WKH
SURIHVVLRQDOV WKXV FRPPXQLFDWLRQ SUREOHPV WHFKQRORJLFDO FKDOOHQJHV DULVLQJZLWK WKH
DSSOLFDWLRQRI%,0ZLWKLQGLIIHUHQWSURIHVVLRQDOVDQGLVVXHVRIFRPSDWLELOLW\WHDPEXLOGLQJ
DQGZRUNLQJZRUNIORZFRVWDQGUHVSRQVLELOLW\DOORFDWLRQ5DQG\
0HWKRGRORJLHV WKDW DQDO\VH GHVLJQ SURFHVVHV EDVHG RQ WKHPHV DQG DFWLRQV LH
FROODERUDWLYHFRJQLWLYHSK\VLFDODFWLRQVKDYHEHHQH[WHQVLYHO\UHVHDUFKHGE\*HURDQG
0F1HLOO6XZD3XUFHOOHWDODQG6DOPDQ/DLQJHWDO6LPLODUUHVHDUFK
KDV EHHQ DSSOLHG IRU LQYHVWLJDWLQJ GHVLJQHUV





$VD UHVXOW WKLV UHVHDUFK LV DSSO\LQJ D GHVLJQSURFHVVPHWKRGRORJLFDO DQDO\VLV DW D




LW LQFOXGHV WKH UHFRUGLQJ RI D GHVLJQ DFWLYLW\ DQG LWV VHJPHQWDWLRQ LQ YHUEDO SURWRFROV
DFFRUGLQJ WR VXEMHFWV؃ LQWHQWLRQV DQG WKH FRQWHQWV RI WKHLU WKRXJKWV RUDFWLRQV'HVLJQ
SURWRFROVFDQEHVHJPHQWHGHLWKHUDFFRUGLQJWRVXEMHFWV؃YHUEDOHYHQWVOLNHSDXVHVSKUDVHV



















UHSOLHV WKDW FDQ EHPRGHOOHG XVLQJ D SURWRFRO 6XFK SURWRFROV KDYH EHHQ HPSOR\HG E\














3DUVRQV  5DYHQVFURIW  KLJKOLJKWV WKH HGXFDWLRQDO SRWHQWLDO RI V\VWHPV
HPSOR\LQJIRUPDOGLDORJXHJDPHVWUXFWXUHVWRIDFLOLWDWHFROODERUDWLYHDUJXPHQWDWLRQIRU
LPSURYLQJFRQFHSWXDOXQGHUVWDQGLQJDQGGHYHORSPHQW
5HFHQW UHVHDUFK RQ DUJXPHQW PLQLQJ WKH DXWRPDWLF H[WUDFWLRQ RI DUJXPHQWDWLRQ
VWUXFWXUHV IURP WH[W VXJJHVWV WKDW XQGHUVWDQGLQJ GLDORJLFDO FRQWH[W IDFLOLWDWHV WKH
LGHQWLILFDWLRQ RI DUJXPHQWV %XG]\QVND HW DO  :H VXJJHVW WKDW VXFK GLDORJLFDO
FRQWH[WLQHDUO\%,0GHVLJQSKDVHVPD\EHLGHQWLILHGE\HVWDEOLVKLQJWKHUHODWLRQEHWZHHQ
WKH W\SHV RI GLDORJXH SURSRVHG E\ :DOWRQ DQG .UDEEH  ZLWK WKH DQDO\VLV RI
FRPPXQLFDWLRQ DW GLIIHUHQW OHYHOVSURSRVHG E\/HRQ 2Q WKH EDVLV RI WKLV ODWWHU
DQDO\VLV/HRQDQG7RQLRORVKRZHGWKDWSURIHVVLRQDOVLQYROYHGLQHDUO\%,0GHVLJQ







'XULQJ WKLV UHVHDUFKZHDQDO\VH WZRVHJPHQWV IURP WZRGLIIHUHQW VWXGLHV IRFXVLQJRQ
FRQFHSW DQG HDUO\ %,0 PXOWLGLVFLSOLQDU\ FROODERUDWLRQ ZKHUH WZR GHVLJQ WHDPV DUH




WKH DQDO\VLV ZH SURYLGH DQ DQQRWDWLRQ RI WKH GLIIHUHQW OHYHOV RI LQWHUDFWLRQ EHWZHHQ
SDUWLFLSDQWV:HSURSRVHKRZDFWLRQV











LQWHUDFWLRQV DPRQJ WKHP DQG ZLWK WKH SK\VLFDO DQG GLJLWDO PHGLD WKH SDUWLFLSDQWV؃
FRJQLWLYH FRQFHSWXDO DQG SHUFHSWXDO DFWLRQV DQG WKH JHQHUDO HYROXWLRQ RI WKH GHVLJQ
SURFHVVHV7KHVHWKUHHPDLQOHYHOVDSSOLHGIRUFRGLQJWKHVWXGLHV؃VHJPHQWVDUHSUHVHQWHG
LQ7DEOHDQGLQFOXGHWKHFROODERUDWLRQOHYHOIRFXVHGRQFRJQLWLYHV\QFKURQLVDWLRQLGHDV
FODVKDQGZRUNIORZGULYHUV WKH FRQFHSWDQG SHUFHSWLRQ OHYHO IRFXVHG RQ VHWWLQJ JRDOV
PDNLQJ GHFLVLRQV EUDLQVWRUPLQJ DQG UHH[DPLQLQJQHZDQG H[LVWLQJ IHDWXUHVDQG WKH
SK\VLFDODFWLRQVOHYHOIRUGUDZLQJDQGVNHWFKLQJERWKZLWKSK\VLFDODQGGLJLWDOPHDQVDQG
DOVR IRU LQVSHFWLQJ GHVLJQ HOHPHQWV 7KH VHJPHQWV IRFXVHG RQ SK\VLFDO SHUFHSWXDO DQG
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x 'HOLEHUDWLRQ 'LDORJXH  $ WHDP HQJDJHV LQ GLDORJXH WR GHFLGH KRZ WR DFW LQ
FROODERUDWLRQ7KHSDUWLFLSDQWVDLPWRILQGDQDJUHHPHQWRQWKHFRXUVHRIDFWLRQV
WRDGRSWDFFRUGLQJWRWKHLUSUHIHUHQFHVH[SHUWLVHRUFRPPLWPHQWV




























SURIHVVLRQDOV FRPSOHPHQW HDFK RWKHU؃V NQRZOHGJH )XUWKHUPRUH ZH QRWLFH WKDW
SDUWLFLSDQWVHQULFKWKHNQRZOHGJHH[FKDQJHE\SURYLGLQJMXVWLILFDWLRQVIRUWKHLQIRUPDWLRQ
SURSRVHGHJFOLHQWYDOXHVPRGHOPDNLQJIRUPLQJDQDUJXPHQWDWLRQEDVHGLQIRUPDWLRQ
VHHNLQJ GLDORJXH7KH DQQRWDWLRQV IRU WKLV VHJPHQW DV VKRZQ LQ )LJXUH  LQGLFDWH DQ
HVWDEOLVKPHQWRIVKDUHGXQGHUVWDQGLQJDQGGHFLVLRQRQQHZIHDWXUHVDWWKHFROODERUDWLRQ













KLJKOLJKWLQJ WKDW FRVWV VKRXOG QRW EH FRQVLGHUHG DV DQ LVVXH 7KH TXDQWLW\ VXUYH\RU




VHH WKDW WKH EXLOGLQJ VXUYH\RU HVWDEOLVKHV WKH SUHPLVHV IRU VWDUWLQJ D QHZ SKDVH RI
GHOLEHUDWLRQE\DVVHUWLQJWKDWWKHDFFHVVWRWKHVLWHLVGLIILFXOWKHQFHDIXUWKHUGHFLVLRQ
RQZKDWLVWREHGRQHDERXWWKHVORSHQHHGVWREHWDNHQLQODWHUVWDJHV








VFDUFH UHVRXUFHV:H VXJJHVW WKDW WKH DFWLRQV؃ FRGLQJ VKRXOG EH XVHG WR GLIIHUHQWLDWH
EHWZHHQGLDORJXHDVIROORZV$WWKHFROODERUDWLRQOHYHOWKHDFWLRQV؃FRGLQJLQFOXGHVDSKDVH
RIQHJRWLDWLRQLQFRPELQDWLRQZLWKDGHFLVLRQRQH[LVWLQJIHDWXUHVDVDZRUNIORZGULYHU
$V VXJJHVWHG E\ WKH XVH RI WKH VLPLODU WHUPLQRORJ\ WKH FRPELQDWLRQ RI WKHVH DFWLRQV
LQGLFDWHDSKDVHRIQHJRWLDWLRQGLDORJXH7KHDFWLRQVDWWKHFRQFHSWDQGSHUFHSWLRQOHYHO





FRQVWUXFWLRQ SURIHVVLRQDOV WR FRUUHVSRQGHQW DUJXPHQWDWLYH GLDORJXH W\SHV VXFK DV
LQIRUPDWLRQ VHHNLQJ GHOLEHUDWLRQ DQG QHJRWLDWLRQ 7KLV LV DFKLHYHG E\ H[DPLQLQJ WZR
GLIIHUHQW VHJPHQWV WDNLQJ SODFH GXULQJ FRQFHSW GHVLJQ VWDJHV ZLWKLQ D %,0 FRQWH[W
DQDO\VLQJ WKHP DFFRUGLQJ WR GHVLJQ DFWLRQV
 FRGLQJ VFKHPH DQG WKHQ LGHQWLI\LQJ WKH
GLIIHUHQW GLDORJLFDO FRQWH[WV 7KH SURSRVHG DUJXPHQWDWLYH GLDORJXH SHUPLWV WKH
IRUPDOLVDWLRQ RI FROODERUDWLRQ DQDO\VLV IRU EXLOW HQYLURQPHQW DSSOLFDWLRQVZKLOH GHVLJQ




FROODERUDWLRQVZRUNZLWKLQDGLDORJLFDO FRQWH[W WRFOHDUO\ LGHQWLI\ WKH VWDJHVRIGHVLJQ
WKXV OHDGLQJ WRPRUH WDLORUHG LQWHUYHQWLRQV IRU RYHUFRPLQJ FRPPXQLFDWLRQ LVVXHV DQG
SRWHQWLDO GLVSXWHV 7KLV UHVHDUFK ZLOO IXUWKHU GHYHORS LQWR D FRPSXWDWLRQDO PRGHO
DSSOLFDEOHE\LQWHOOLJHQWVRIWZDUHDJHQWVWRVXSSRUWPXOWLGLVFLSOLQDU\GHVLJQWHDPVRIWKH
$(&LQGXVWU\LQDQDO\VLQJFRPSOH[FROODERUDWLYHGHFLVLRQVIRULQIRUPHGGHFLVLRQPDNLQJ
DQG WKHUHIRUH GLVSXWHV SUHYHQWLRQ )XUWKHUPRUH IXWXUH UHVHDUFKZLOO DQDO\VH HPHUJLQJ
FROODERUDWLYHSDWWHUQVDQGH[DPLQHOLQNLQJGLDORJXHVGHYHORSPHQWZLWKEXLOGLQJPRGHOV
 5()(5(1&(6
%DGNH6FKDXE 3 	 )UDQNHQEHUJHU (  $QDO\VLQJ DQG PRGHOOLQJ FRRSHUDWLYH
GHVLJQE\WKHFULWLFDOVLWXDWLRQPHWKRG7UDYDLO+XPDLQYROQRSS
%XG]\QVND.-DQLHU0.DQJ-5HHG&6DLQW'L]LHU36WHGH0DQG<DVNRUVND2
 7RZDUGV DUJXPHQW PLQLQJ IURP GLDORJXH ,Q 3URFHHGLQJV RI WKH )LIWK
,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWDWLRQDO0RGHOVRI$UJXPHQWSS
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'LDORJXH7\SHVIRU&ROODERUDWLYH'HVLJQ

*X1 .LP0- 	0DKHU0/  7HFKQRORJLFDO DGYDQFHPHQWV LQ V\QFKURQRXV
FROODERUDWLRQ 7KH HIIHFW RI ' YLUWXDO ZRUOGV DQG WDQJLEOH XVHU LQWHUIDFHV RQ
DUFKLWHFWXUDOGHVLJQ$XWRPDWLRQLQ&RQVWUXFWLRQYROQRSS
.OHLQ06D\DPD+)DUDWLQ3	%DU<DP<7KH'\QDPLFVRI&ROODERUDWLYH
'HVLJQ ,QVLJKWV IURP &RPSOH[ 6\VWHPV DQG 1HJRWLDWLRQ 5HVHDUFK&RQFXUUHQW
(QJLQHHULQJYROQRSS
/HRQ 0 /DLQJ 5 0DOLQV - 	 6DOPDQ +  0DNLQJ FROODERUDWLRQ ZRUN
$SSOLFDWLRQRID&RQFHSWXDO'HVLJQ6WDJHV3URWRFRO IRUSUH%,0VWDJHV ,Q%,0 LQ
'HVLJQ&RQVWUXFWLRQDQG2SHUDWLRQV:,73UHVV:HVVH[8.SS
0F%XUQH\ 3	 3DUVRQV 6  *DPHV WKDW DJHQWV SOD\$ IRUPDO IUDPHZRUN IRU
GLDORJXHVEHWZHHQDXWRQRPRXVDJHQWV-RXUQDORI/RJLF/DQJXDJHDQG,QIRUPDWLRQ
YROQRSS




DQG LWV $SSOLFDWLRQ WR WKH (DUO\ $UFKLWHFWXUDO 'HVLJQ 6WDJHV 3K' 7KHVLV 5*8
$EHUGHHQ8.
3$66SHFLILFDWLRQIRULQIRUPDWLRQPDQDJHPHQWIRUWKHFDSLWDOGHOLYHU\SKDVH















:DOWRQ'1	.UDEEH (&: &RPPLWPHQW LQ GLDORJXH%DVLF FRQFHSWV RI
LQWHUSHUVRQDOUHDVRQLQJ6WDWH8QLYHUVLW\RI1HZ<RUN3UHVV
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